We present the inclusive di-electron invariant-mass spectrum from p+p interactions at 3.5 GeV kinetic beam energy. It is a very important reference for the study of vector meson production off the nucleus, recently investigated by HADES in p+ 93 Nb reactions at the same beam energy. Up to invariant masses of 0.6 GeV/c 2 the main contributions to the e + e − spectrum are π 0 , η, ω and ∆ Dalitz decays. In the vector-meson region a clear peak corresponding to the ω direct decay is reconstructed with ≈2% mass resolution. Subtracting this peak from the spectrum allows to investigate additional sources, in particular the ρ meson. Indeed, the latest results from HSD and UrQMD calculations show different distributions for the shape of the ρ meson at these energies. Therefore it is important to experimentally understand the production mechanism of the ρ meson in elementary reactions. Besides the spectral shape of the mesons, their inclusive production cross sections are also not known at these energies. Due to the large and flat acceptance of the HADES spectrometer for e + e − masses above 0.2 GeV/c 2 and for P T < 1GeV/c, acceptance corrections are to a large extent model independent. This allows us to extract the preliminary inclusive cross section values for the meson productions at these energies.
INTRODUCTION
The High Acceptance Di-Electron Spectrometer (HADES) [1] operates at the Helmholtzzentrum für Schwerionenforschung (GSI) in Darmstadt, Germany. One of the main physics goals of HADES is to study possible modifications of the light vector meson spectral functions in an excited nuclear medium. The question is how the low energy QCD spectrum, which is experimentally known in the vacuum in terms of hadron spectra, will change when the vacuum is heated or filled up with additional quarks. Changes of hadron masses and decay widths in hot and/or dense matter are usually discussed in the context of the restoration of the broken chiral symmetry. The chiral symmetry is indeed broken in the vacuum, otherwise the masses of the ρ meson and its chiral partner, the a 1 meson would be the same. More detailed investigations however reveal that the link between the hadron properties and the QCD symmetries is not as direct as originally envisaged [2] . However, integrals over the hadronic spectral functions can still be connected via QCD sum rules [3] with QCD condensates.
Medium modifications have been experimentally searched for, both, in elementary reactions and heavy-ion collisions. In elementary reactions on nuclei there is not much dependence of the density over the space-time evolution of the collision, in contrast to the heavy-ion case, which makes the theoretical analysis of the results much easier. However, because of lower densities probed in these reactions, medium effects may be less pronounced.
The conclusions about the ρ meson properties are not clear up to now. Two experiments, CLAS at Jlab [4] and E325 at KEK [5] , come to conflicting results: while the Jlab experiment on photonuclear reactions reports no mass shift and some broadening, the authors of [5] claim a drop of the ρ meson mass by 9% and no in-medium broadening in proton-induced reactions.
Results for the ω meson from photo-production experiments were reported recently in [6] . Based on the transparency ratio, the authors deduced huge broadening (factor of ∼30) of the ω meson width at normal nuclear matter density compared to its vacuum value.
In order to confirm possible in-medium effects, results of protons off nuclei with a corresponding proton-proton collisions should be compared. Therefore, the obtained dilepton spectra from p+p collisions at 3.5 GeV kinetic beam energy, presented in this report, can be used as a reference for the p+ 93 Nb data recently measured by HADES at the same kinetic beam energy. Furthermore, the inclusive production cross sections of neutral pions, η , ω and ρ mesons reconstructed via dielectron decays, are presented in this report for the first time at this beam energy. 
PP DATA AT 3.5 GEV
In the experiment, a proton beam of 10 7 particles/s with a kinetic energy of 3.5 GeV was incident on a liquid hydrogen target with a length of 4.4 cm. The data readout was started upon a first-level trigger (LVL1) decision. Depending on the reaction channel of interest 2 different settings of the LVL1 trigger were required: i) a charged particle multiplicity MULT ≥ 3 to enhance inclusive dilepton production and ii) MULT ≥ 2 with hits in opposite sectors of the time-of flight detectors to enrich elastic p+p events used for the absolute normalization. The LVL1 was followed by a secondlevel trigger (LVL2) requesting at least one electron candidate recognized in the RICH and time-of-flight/pre-shower detectors [1] . All events with positive LVL2 trigger decision and every third LVL1 event, disregarding the LVL2 decision, were written to tape (in total 1.17×10 9 events). The identified single-electron tracks (e + /e − ) were combined into opposite-sign pairs. However, many of these pairs represent combinatorial background (CB) which is mostly due to uncorrelated electrons from multi-pion Dalitz decays and correlated ones from π 0 → γγ accompanied by photon conversion in a detector material and/or from Dalitz decays. The combinatorial background was reduced by using an opening angle cut of θ ee > 9 o between reconstructed pairs and a condition on quality criteria of the track fitting function [1] . The combinatorial background was formed from the sum of the reconstructed like-sign invariant-mass distributions, dN ++ /dM ee and dN −− /dM ee . The like-sign pairs were subjected to the same selection criteria as the unlike-sign ones. Both, the unlike sign invariant-mass distribution and the CB, were corrected for the detector and reconstruction inefficiencies on a pair-by-pair basis, defined as a product of single-electron efficiencies deduced from dedicated Monte-Carlo events embedded into real events [7, 8] . The geometrical pair acceptance of the HADES detector was obtained in a similar way through single-electron acceptances.
The final signal pair distribution inside the geometrical acceptance of the HADES spectrometer, shown in Fig.1 , The HADES data compared with a simulated cocktail from the PLUTO event generator [11] . Right: The contributions from π o , η and ω mesons are subtracted from the data. The obtained spectrum is compared with corresponding contributions from the model calculations [12, 13] , indicated in the legend.
is the result from a subtraction of the the CB from the unlike-sign mass distribution. Both spectra are normalized to N acc el /σ acc el , where N acc el and σ acc el are the yield of the p+p elastic scattering and differential elastic cross section [9] inside the acceptance of the HADES spectrometer, correspondingly.
The low-mass region of the spectra is dominated by Dalitz decays of neutral mesons, π 0 , η, ω, as well as of the Dalitz decay of the ∆(1232) resonance (see below). The evident peak around the pole mass of the ω meson corresponds to its direct decay into e + e − pairs. However, this peak contains also those pairs stemming from the direct decay of the ρ mesons. In total, 6.1×10 4 signal pairs, 5.4×10 4 of them being in the region below 0.15 GeV/c 2 , were reconstructed. The number of pairs in the mass interval between 0.71 GeV/c 2 and 0.81 GeV/c 2 , which corresponds to the 3σ interval around the reconstructed ω peak, amounts to 260.
From this spectrum the inclusive cross sections of the neutral pions were estimated from their Dalitz decay channel (π 0 → e + e − γ) by integrating the spectra in mass interval below 0.15 GeV/c 2 and correcting it for the branching ratio (1.198±0.032%) and extrapolating to full phase space by using the acceptance matrices mentioned above. The obtained inclusive cross section of the neutral pion production, 15 ± 4 mb, is consistent with the resonance model [10] . The errors in this cross section consist of a statistical part together with a systematic part coming mainly from the normalization to the elastic p+p cross section and the efficiency correction procedure.
In the inset of Fig. 1 the ω peak is shown on a linear scale. In order to estimate its mass resolution the peak was fitted with a Gaussian distribution plus a polynomial for the background. The obtained mass resolution is ≈2%.
The left part of Fig. 2 shows the comparison of the data to calculations done with the PLUTO event generator [11] . In this model, the ∆ resonance production is parameterized according to [14] , while the η, ω and ρ mesons are produced with a constant matrix element, i.e. phase-space only. For the neutral pions the production through excitation of the nucleon to the ∆ state is assumed. The generated events were transported through the HADES spectrometer using the HGeant [15] package, based on the GEANT [16] program, and processed through the same analysis chain as the measured data. In this way the interaction of the leptons with detector materials is taken into account as well.
The cross section for the ∆ resonances were determined from the π 0 cross section according to the isospin relation,
Here, the second term on the right hand side corresponds to the sum over all N * states, while the first term [12] . The dashed curves refer to the OBE calculations for the exclusive channels [17] .
corresponds to the ∆ states. By assuming the production of all pions only through the ∆ resonances we fix its cross section according to the first isospin coefficient σ ∆ = 3/2σ π 0 , where σ π 0 is the inclusive production cross section of neutral pions derived from these data as explained above. In this case we get an upper limit for the ∆ yield.
According to [12] , in the mass range M ee < 0.5 GeV/c 2 the dilepton spectrum is dominated by contributions from π 0 , η and ∆ resonances, while for masses above 0.5 GeV/c 2 contribution from vector mesons dominate. As the pion as well as ∆ cross sections were fixed as described above, for the η, ω and ρ mesons the cross sections were determined from the cocktail in the following way: The yield of the η meson as well as the ρ/ω ratio were varied in simulation until the cocktail fits the experimental data (except for the 0.4 < M ee [GeV/c 2 ] < 0.65 range, where data overestimate our cocktail, see below). The yields are then corrected for the corresponding branching ratios of (6±0.8)×10 −3 , (7.18±0.12)×10 −5 and (4.7±0.08)×10 −5 for the η → e + e − γ Dalitz decays and direct e + e − decays of ω and ρ mesons, respectively. The cross sections obtained in this way, after correction for the geometrical acceptances, are 1.04 ± 0.3 mb, 0.285 ± 0.07 mb and 0.36 ± 0.08 mb for the η, ω and the ρ mesons.
In the next step, using the generated cocktail from PLUTO, we subtract the contribution of pions, η and ω mesons form the data (right part of Fig. 2) , leaving only the contributions from ∆ (and also N * ) baryons and ρ mesons. Because, the energy dependence of the transition form factor of the ∆ resonance is not settled, its contribution was not subtracted from the data. The expression for the differential ∆ Dalitz decay rate is taken from [18] with fixed value for the transition form-factor from [19] . In this way one gets a lower limit for the ∆ Dalitz contribution in the region of the vector meson poles as the coupling to the intermediate vector meson states are not taken into account (Vector meson Dominance Model (VDM) type form-factors).
In order to shed some light on understanding of the production mechanism of the ρ meson, the obtained spectrum is compared to transport models, HSD [12] and UrQMD [13] ; the generated spectra from these models were filtered through HADES acceptance and the corresponding contributions from ∆ and ρ resonances from these models together with the one from the PLUTO generator are compared to the data on the right hand side of Fig. 2 . At our energies, UrQMD describes the meson production by resonant excitation channels, while in HSD the mesons are produced within a string fragmentation scheme. Within the UrQMD picture the missing yield around 0.5 GeV/c 2 in PLUTO may be attributed to the off-shell ρ meson production via baryonic resonance decay. On the other hand, in UrQMD the cross sections for the vector mesons seem to be too high, while in case of HSD inconsistencies are observed in the lower part of the spectrum. This comparison shows that the meson production mechanism in elementary collisions at these energies needs further exploration.
In Fig. 3 the obtained cross sections for the vector mesons are compared with the corresponding parameterizations used in HSD (solid curves). Within the experimental errors the inclusive production cross sections for both ω and ρ mesons are consistent with this model. Note, that for the latter one our extraction does not take into account off-shell contribution. In the same figure the available data from other experiments on exclusive and inclusive production cross sections for the vector mesons are shown (see [12] and references therein). The dashed curves refer to the One Boson Exchange Model (OBE) calculations for the exclusive channels [17] .
CONCLUSION
In summary, we have reported on p+p measurements at 3.5 GeV kinetic energy. For the first time the inclusive production cross sections for the π 0 , η, ω and ρ mesons were extracted from experimental data. The production mechanisms of the ρ meson were investigated by comparing the data to various model predictions. The obtained pair spectra will be used as a reference for the one from p+ 93 Nb reactions measured by HADES at the same kinetic energy of protons.
